POLYESTER POLYMERIZATION CATALYST, POLYESTER 
MANUFACTURED BY USING CATALYST AND METHOD FOR 
MANUFACTURING POLYESTER 

Patent Number JP2001 163964 
Publication date: 200 1 -06-1 9 

Inventory): NAKAJIMA TAKAHIRO; KUWATA MITSUHIRO; TSUKAMOTO KENICHI' MORIYAMA 

NOBUO; GYOBU SHOICHI 

Applicants): TOYOBO CO LTD 

Requested 

Patent: □ JP2001 163964 

Application 

Number: JP20000297128 20000928 

Priority Number 

(s): 

I PC Classification: C08G63/82 
EC Classification: 

Equivalents: 



Abstract 

PROBLEM TO BE SOLVED: To provide a novel catalyst for a polycondensation reaction other than an 
antimony compound and a polyester manufactured by using the catalyst. 

SOLUTION: A novel catalyst composed of an aluminum compound and a phenol-based compound is used 
as a catalyst for a polycondensation reaction in manufacturing a polyester. In order to enhance the catalytic 
activity it is preferable to co-user one or more phosphorous compounds selected from the group consisting 
of a phosphonic acid-based compound, a phosphinic acid-based compound, a phosphinic oxide-based 
compound, a phosphonous acid-based compound, a phosphinous acid-based compound, a phosphine- 
based compound and the like. It is further preferable to make an alkali metal-based compound and an 
alkaline earth metal-based compound co-exist in the catalyst. 
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Si fcteAo^ySi tz\tT)V3 df y;PSi £{ ir $ X 
S=5rfc'<0S$S£-lrif$S*$: 1-50 coMb-klSSS-fi 

7. pj^n-en^fc** iwau-io©« 
tak**fcfWVfcrt£U ^lbk*S(jyxn^y;p 

^Ia^jt^7xX;K=-^7^-;^(7)^ : #^f^§:# 

[0035] v LTkt HRx t 

( 1 ) - (3) 4>. R 1 , R 4 , R 5 , R 8 l 

Lv\ ifc. ^^yyft-^i; LTfi. 
JJB* ( 1 ) ~ ( 3 ) *k s$ ( 1 ) *C*§*i4fl:£4li£ 
fflV'ifc*B0IMSttwrti_hSJ«3&*i: <fc*S <#i U\ 
[0036] ^BJ<7) y y-ffc-^Jt LTIi. fflxfcT. X 
f^X4tyiy7f;K 7fMX*yly'7x- 
/K 7xx/p*x*yK:y'XfvK xxxyp^x^yK 
y'xf-;k 7x-;ita*yiy'7x-yk xyy'/p* 
X-TfiXigi/Xf-yk K X y'yy^ X 4^ y ^ yx f-/P „ 'Jy 
xX/kfcX7yySL y7x^*X7^yi7f^ 
y'7x-y^X7-(yi7x-;i, 7x-M77 y y 
1c. 7x-WX7^yl7f;K 7x-MX7-<y 
K7xX7l/„ y7i-W77-( y^lM h\ X-flP 
y'7 x X/P*x 7 y y :** -yvf h\ h y 7 x -MX7 
^ywn^tw^s. Ztlt>(Do%T\ 7 

xx/u*x*yi?y'.xfvk <yyvkkx*y®y'xf- 

[ 0037 ] y yfc£»<7>«8Mi: L-cJi, *§ 
£>it& y xxf;uo y'^;Pd?y®^^®^;p#y^ 

£'0#/kt'yg^#X>£}Mxx -y hcO"E;Hct^Lr 
5xiO-7-0.01^;P*WiL<. HWffiLCfilxiO- 6 
— O.OOS^/keftS. 

[ 0038 ] *mcDwm$mx'b & nv $ x^ 

RV*ti t> wtsm&mz 7)1 a 'j±m&mRr/ztit> 
0>ik-&!fafrt>%l$tJ: 9»ttfiS— *fc C < iiZSLtLL 

tt£3 6fc[6LLf*;r btf-CZ&cOT&iL^. Ztib 
wni-r. ±ELJti^*yy-ft^fcsaa«rt*4cfct: 
i 0 , B&Kvgtt £ i 0 7c# < l&l±-f 5 £ t #T# S COT' 
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mu\ 

[003 9] TlVii y 

)VJ) U LTii, TlVti y 
&MJkV7)Vl) U , Li , Na, K, Rb, Cs.Be.M 

g,Ca,Sr.Ba MWOtih-mi L < 

wi.tr, 

mm, rw*ym, sr, mtezvmm 

m&)>VXyW.U, 79 U/HS, **?y;l/gBriftfWF 

^Rig , h y ? o oSli /L,-K ygg 
1§, UK, ?x>-i, ^Uf-;PR5rif^t 
tfyKS, MR, Slit SIR, 'JyR, m 

m?km, v yBtkm, famrkm, ®sik, 7 J-mz, m 

R, AllykilK, &3IK, ft*K£t'<73i@Kig. 1-7* 
o^yx/i^y®, l-^y^yx/t^yR. 779 vy 
x)\s* ym^^^mx)^ 7'j'j)i-tfmi%y 

OWHSlKlg, Xl^y n-7'n^y, is 

o-TP^K^y, n-T'h^-y, tert-7 'h^y&t'COT 
Y, 7*.i-iV7*zY*-Y%:K<n*V-Ytt, 
Rfbfij,-*R-f| kWjlitfmi t?i\h , 
Ztlt>cr>7)V* <J ^SRl/^fl^c0it^mi/lz7/^ 
V coit^mco o % , ^KlL^cDT 

Ztiblix^yyy' 
V a-jumcO'y^-jYL Kii7JYa~ji^cr)^mmM 
izwmuzK^mfttffo&fzih, Tkm&TM-smzmu 

# U < & ikk 

*> So L£if 'Jxxf;Hlfe < =Sr&«aiiff* 
0. MllTfcfrJStt 6 ffiT-t&itfiWS) & . f-5t. ^ 
Iconi'# y± 

Ltjfi^t«(i: tvm? 

U £B&t/7;P7 y ±m£K com^mm *' y R 
^IgffiSaJffi^^/PrKyigii. ^#86#/Pifyia, ;n 
■ o^y^fir^df^ws, si 

R. w®, y>R, *x*yR, yygbks, m* 
m, $sir, 7*mm, &r, mt**®, £$®, & 

aa^feXtftURttSHK, ^SIx^yRig. ^fgsi 
Rig, *u-Mfr&«i, &£immT'hh. ziu»n 

e> , 7M y &*&!/ 7/P7 y 

;Mfy®ig, fc<fcT;^yAnavr^y±Bbfeii 

«8«W6 WffiLv\ 

[0040] ,iii<37;Mr y 

t^cT/P# 'J t 

T5i, 

i''>K&£V)7;PifylM^''<9±:ti$xx-y t-co^u^ 
t» t T1X l0-«~0. it /PCOKHT'J, & i t i L 

<- , L< te5x io- 6 ~~0. OS^EiKOKHT&S d 

iT&S. 



[0041] ^BJffc: l^l^Jxx r/KOi^i , 

4i*K)*3feTff 3 .1 1 tfVZ i> . Wi.tr, PET^Slt-t 

3>^§-£{±, fP7^;HtXfl/7/ij3-;Lhi7)X7 
a*^r Strife, t>L<ii, fl/7^/Hy 
-* if Of y 7 ^ ;HSg<7) -'Pt x^- y 

y^yp-;Pt£7>x7xiP3^SlE$-fi : o^, 

4 fc,. 

v\ - 

[0042] Mffi£KmcO&%t>-fx 

x^Mmmaxi ^xj-zu^m^Miz^mmsm^ 

7Z>« r y 7 9)iW.'Jx l-ivta )£<7>'Ji})YiYy^(r)7)V 
^/Yxxf-^tx-^yyy'tj 3 — ;P^t'co7'y p-;Pt 
7)X7f-^33tixlE(i:. ®^®i&^ri;'cDX7x^3£^® 
$<7)3q£T tlTt>il I ) L 

<l£Zh£<VM&t^lT*&WiDim$m'5Zt 

i> vs*, ttz, wms&vttb’f 

[ 0043 ] m^r 

xx-fiHt^JCt L<(i 
xxT>ixmi&y)mt&m& x vm&it 

&Zh fet-S. t < (X. T;l/$X7 
A-fk^ia^RiSco^ttfrtc^Jirti, ^ ktfffi 
U\ 

[0044] ?»3€fc 

iL<(ix-h^’C3i-5Tfc«J;v^L, xfi/y/ijn- 
>v% t'comm <7>x 7 y -« i> l < immrh ^rbx 
<, 47t, T/PSx7Alb-^)i:7 

3,7— Jl'&ftitffyk KJixf-yy^ 1 ' 

>J t^aanLTt J:^ 

t, it:, t;p$x^ 

7 x J-ivm. '&to& [aj MDBfsgfcSsjD L 

v\ it ;, r;u $ x 7 Al 1 7 x 7 
t, Vyit-£M&£TS/itz\±7}l'%Vi&mM?4:tiL> 
<r)\Y&tomt\z7)Vij 'J±m&m%XSZiiL>Mb£®it 
Z^tbM-n LfctoSr^JnLTi) iv^L, dit^$-35!l^ 
fctHBLTtiV'. itz, ^ix^Srlltm!ra»x®in 
LTtiv^L, ift^tW^^aan^WSJllLTfcJ: 
<<\ 

[0045] *WR<nMiimk*m\'XX')3ZXT)VZ 
a^-ri>^[cii, 7X7X: >1 X 7 2>-fb£ , 

fcfc'L, rmyft'Wlli LT 
L T f# 6ixl) -if 'J xx -f/P ic^t LX 7 y f-^t yjl 
Lt 50ppiJilTi7)fiT'SJirf -5. C t LV\ J; 

0 # 4 1 < [S30pprnmTO*mSlItS i fc T'£> 4 . 7 
y^-^e yco&&ai?r50ppnii2JLhix-r ^ t , ^Jary^^e 
yofftn^^o, if y xx f-^u izwzf^matmi 

'thtzubRiKKc^. y>Y7x.*7Mt&fab LTiifi 
^•LT#^>iil»ifyxX'r^4 3 tx^>7’x7AJS^t L 




I 
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T20p P m«T<7)fim!)irt-i » £ t mt lw * om 

L < (i lOppatlT h ZbT$>Z>. y'yk?x 
’>A<?D^!)tli?:20ppiiiiiLhfc'tS t 7X h&tyc^iJfcS: 
L<Zi\ 

[00 4 6] 

Tii. Emtry^y, siHfcyyT-^y, jsmry 
^y, ry^y^ozi^^ z 

ii^<7)?*>EMi£7yi-*:y#ft±l\ l \ tt:, y>v 
—'yMtnffiib Ltii. m&ity 

yhVXO'A&fc'j&^f < 3 ^ ztlt>cr>? t>ZMik¥)U'? 

— f 7J±fi s tg-± Lk. 

[ 0 0 4 7 ] t * , y-ft£$k 

xX-fc-^ifo, 7 y 4yp h 4fc£ft * t*cOfl!>co»ilrMS£ ^ U 
xxf-;KO«S0ett is «fc tXfe« t SI**>*V 

[0048] 3 ^ 'Jxxf;l/ i Ot y'tfyktf 

yhztfyjgfc kt/biit, <oxx -fyklM; 
ttizmvikb y y 7 ->v 
£ -§ts%rWT)Vx -yk&» 6 »tf*u-i mt tttZMPlk 

bfrt>&Z>i>C0' tt^ib Kn^ytfyhtfySfcfcitfi 
fubcoxx^yi ifcumtf. 
x-Xf-jUfr^faz, &co£v>3 . 

[ 0049 ] yt/itfymb trot mm, ?d ym, 

3'^SL Xyhyyh®, yy'ty®, tryyygt y't 
')ym, 7674 >1, -fey4yyK, x#yy';#yM-'y 
m, Y-7^y'J^)VTt'ym, x by xtsyytnvxy 

m, ^'r j F*y&#A,#ym x 1 , 3-^0777 
y'^ykify®, 1 . s-yyu^yyyy^ykKyig, 
l,2-y?oMfyyWyl, 1,3-yyn^. 

^Mfyy'^yk^yi^, 1 , 4 — y^n^^e-^y^yp^y 
sl 2,5—j)\si£)v-fyvj})Vi&ym, 

mzmmi&'Jtii'Xym. ttzuzti^co 
xx-ryHiM44§t#ft s x^jim, vwygL 477 
ym & : t'fcMTF^il&^l&^jiili^y^ykKySgifcfi 
.^ftfecoxxTyk&frttf^ft, ^yk/xyyh®, -4 v 
7?ypgu -fwyyug, 5 - (t^uak) xyp* 

3 vyyyhgL y'7xiyi, l , 3 - 9-77 yyy'# 
jbtfym, 1 ,4~i-7?yyy#ji'f:y®' 1 , 5 - 7 - 
77yyy';#yk]fyiL 2 , 6-9-77kyy'#yktfy 

SL 2,7-9-77yyy';$ykKyg^ 4 , 4’ -t'7 
xxyhy'^yptfyjg^ 4,4' — t'7xxyhxyk];yy' 
#yk*ylg, 4, 4’ — t'7xX.ykU— - TlVi/i])Vif>.y 
iS, 1 , 2 — t'x (7x73-y) xyy— Pl P ’ -y^ 

yptfygL ^t4yi, ry by by 'jxnv^ywib: 

tMrc $ it h 5r#S£ y'7? y PtK y £: (i <1 ft. <3 cox x-r 
t>ti, ztit>cvyj;ju#ymc7) 3 
*>ry77yHg:fc 1X77x5 yyy'^yp^fygt < £ 

2 , 6 — t-x y y y istAsXymw & 1 1 >. 

[ 0 0.5 0 ] dii^y'^yp^yej^ho^i^yy-jfy^ 
btx, xyy h y^yi^yit 7 ‘ny^yMi^yp^y 



SL 7'yy-rh7;3ykKySL tuy y-yhgt mix 
9-ybg, hyyyygt 3 , 4, 3’ , 4’ -t' 7 x 
xyp-r h^yktfyst mtfztit) coxx -fykiM'14 

[0051] 7’y 7— ypt LT(ixf-yyyy n— yk 
1 , 2 -7-0 try y ^ 9 7 -yk 1 , 3-7*utyyy 
97-yp, y'xf-yyyy u-yk h yxf-yyyy 

7-yk 1, 2-7'7-yyy’U7-yk 1 , S-T’f-y 

yyyp-yp, 2 , 3 -y 7 -yy ^'9 7 -;p > 1 , 4 - 

yf-y'yy'Urj-yp^ 1 , 5 -^y?yy5t-yk 7 .^- 
^yf-ypyu 7 — yi/, 1 , 6 -\Jftyy'7- yp N 1 , 
2— y^uA,df-7‘yy'^‘— yp, l , 3— y^u^^-T-y 
y^— yp, 1 ,4— y^o^-tf-yy';*— >v, 1 , 2 — y 
^n^-tyy'y^y-yk l , 3— yyn^-tfyy' 
xyy-yp, 1 , 4 -y 7 D^ty y> 7 7-yl- , l, 
4 — yyo^f-y-yy'xyy-yk l,l 0 -f* 7 f 

yyy' 97 -yk 1 , 1 2-Fry?yy'^--yk ^yx 
7-yyy'U7-yp, ^y hyxf-yy^ya-yk j^y 
r h yy f-y yy'y 7-yp*t't^§ixs|g|^ ; /t; 
7-yP, tKDdfyy, 4 , 4’ — ytHo^yt'77 
xy-yu, 1 , 4 -t'x (y3-tKn^yxh=3fy) k 
y -t'y, 1 , 4 — t'x (> 3 — t Fodfyxhdfyyxx 
yP) xyp^y, t'x (p-t FD4ry7xxyt^) x-x 
yp, t'x (p-t Kn4ry7xxyu) xykty, t'x 
(p-t Fu^fy7i-;H yyy, 1 , 2-t'x ( P 
-t Ko^y7x7i') xyy, t'X7xy-yPA, t' 

X 7 xy-ypc, 2, 5— T'xy yyy'^-— yi^, 

7)y' 9 ^-/Kcxfpy^yf y L7^y'y 7 - 
yp, £ t 7r#J£7' y 7 -yi-^^if ^.ix, d 
It <5 coy' y 7 — ypco 3 ^>xt- y y y y 7 — ypfe J; 1 / 1 , 
4-yf-y yyy 7-yp^t uv\ 

[0052] Xi\t>x y 7 — yH73'f-co^ffryP7— yPt 
LT, h yy^-n— yuy y y, hoy^-n— yuxyy, 
hyy-^n— yprny^y, ^yyxyxyi — yk yy 
-feu— yp, s^Sr-ty V y X-)V^ b^'mf^tu . 

[ 0 0 5 3 ] t h'u^yy?y^yi!t LT(i. &&, y 

xy®, ijyTi, tKudfyg®, 3 -th' 

D^y^, P-t hp^y^g,#!!, P - ( 2-t 
hudryxhdry) 4 — t hu^f yyyn-\ 

*7yJ]>l#ym, 4^(iCixA,coxxxyP®^ttl^ 

WKcbtfmftitil, 

[0 0 54] mfcxXTJlb tTli, e-trnyfh 

y, /?-rnt^-7y hy, ^-y^-tv-^-x’ub^yx 
by, <5--74yu7y hy, yyuyh, yt+btcb' 

[ 0055 ] tfz, *^sj<7yy y xy xmz iiTTncT) y 

«r t * j t# i. „ y y 
ixtergm . y y^4L^*Wii t< , m 

Hi, 7 xXyP7l:X4*vy^y'X7-yh, 7xXyh*X*y 
^y'7xxyh, ( 2-7? yhT;^ 1 yyUx-f-yp ) 7 7yh7 X 7 
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4 kgg. ( 2-i] )V 77 k;kX 7;k ) -f k 

S. (2-X h7k#;k77k;kx7/h) 7 i-M 77 
4ki?x7/k (4-x h7k#/k7x;h7xx;p) y x 
[2- (/3-t h'n7kxh7k 
x7yh]X7;k7X7 -f Vioxfi/y/ 
ij3-/Hxf/k (1.2-k;$/k;tf7kx7yk) kX 7 
7*7 7 -i 7*774 h\ 9, 10-kt h'n-10-*77- 
(2,3-#;kK7k:rotyk) -io-*xx r 7 xt> 71 / 
k-10-*774 ZtityCOV >&(£ 

#<yfi|,*9xx 

tvUOUM^S: h . 

[00 5 6] #ffi#;k*kig*,L<{it Kn7k*;k* 
7|gc9XX7yWlMtiji#fti Ull Zfi^coTJ^ 
®?7Qk4 K. ®S£t*fe&fc>W<5ft 

[00 57] 

®&7#7 k 7 7;k®£ 7tfi7Xxx7;k®f£ttf^f* 

tL<{±^73'ky^;k^y^^^{i-e<oxxx;Wg 
9. ±7&79 

79 a-miiK'JWMVi Uk ±£SgSl£ 
T7‘7 k 7 7*iS£ tt47^xx7;k&&ttii##:& L 

< 147 77 kk k*;k* y gg 47i47X>xx7yL7Mte 
t^tt-C*6*9xx7ykfci4. ^K^CMLTfk 
77;kisi£{47oxx7/k^j£ttf§^ftt7x7kk 
k^;k^kK^^[i^c7)xxx/k»«tti^#^-^tlL 
T707/k%J2U:£-^r**3 4? 9 xx-r;kt'& Z>Zk frM± 
L < . J: lift L < te807/k%4Xt#:tt- l> * 'Jxxf 
'k’C* 9 . § Steffi L < {4907;k%J2Lt^fr th *9 
xxf/K'JI.. ±£2>79 7— /kj&fr#79k d fkk7' 

9 7 -/kT& I. * 9 xx7/k fc J4 . £797-/kj&5HX 
M LX 7 *7 k k 7' 9 7-/p£-£it LT707;k%£Lb£ 
lr*6*9xx7/kTS>£.Ifctf#£L<. 4 9#iL 

< {4807/k%£Ui1^t't -6 * 9 xx7/kT'& 9 . $ 7 k 
ffi L < {4907/k%&±-£4r* 5*9xx7ikC*> & . 
k <1 TW 4 7*7 k k7 9 7 -;Ui ^Tif^kSMS 
^flB^^Sr^/CT'lvt&iiVk 

[00 58] ^BjTffl^4.il59'77kkk‘^;k^Ck 
®4£k7^xx7yk®f£ttl^fti LTi4. 1 . 3 - 
7k7kkk;7'k*kig. 1 ,4-t77kky*/^ 
kSS. 1 , 5-777kkk***kiS, 2.6-777 
kky^ki. 2, 7-777kkk*/k*kig. 

twtzix^^xT/m&mmmii&t u\ 

[00 5 9] :£%0JTffiV'<54l&7;k7kk79 7— * 
t !k04. Xfkk/'jx-;!/, 1 > 2-7Dtkk/ 
97— *. 1 . 3 -To tk 779 7—*. 1 . 2—7 
7kk7U7-/K 1 . 3— 77kk79 7—* 2 . 
3— 77kk79 7—*. 1 , 4 — 77kk79 p— 

'k 1, 5— Xk7kk*— ;k **Xk7*79:j— 
'k 1-, 6— MTfkk*— *. 1,2-y^DMt 
kk'7-yk. 1 . 3— k7n / \7'9-kk:*— *. 1,4 — 



k7n^df7kk'7— ;k 1 , 2 -y^nMt kkX 
77— /k 1 . 3— k7ox7l4kkX7y— *. 1.4 
-k7nx4fl7kkX7y-/k 1 ,4-k7n^4f- 
kkx77-;k 1 , 1 0 -r#y 7 kk 79 7 -/k, 
1. 12-HT^kk'7-;k^36>W^I>. Clil<3J4 
HB»te2SUaJ:ittfflLTfcAVk 
[0060] #^ B Jc9*9xx7*k(4. 7k77;HSS 
iK\±z<D^x^)mmwmw. 77 7 k 77777 
k^t*li7Tixx7;l^«ttP^k97hk)K^i; L 
"CifSSt. 7Dkl, 7;\71S. 7*7*g?. Tkt'k 
K. tx 9 k®?. xx .9 kit, 7-fe'y4kSs. -bA'kk 
®L T^kk^hJifkiL K7*kk***k®L 7 
hxT#kk***'k®S. M*h7'* k k* **' k®S . 

1 . 3-k7n77kk***kiS; 1.3-k7oxk 
7kk#*jtfkSS. 1 , 2— k7n'\77kk#/k*'k 
®. 1,3— k7nxdf7kk#;kiKkik 1 .4-k7 
nMtky^/l'^kl, 2, 5-X**'*7kk** 
*k®. 74 

tfk®i£<4kft<3coxx7/W&£ttil#ft. 77;k 

vk4 ym, 4 73kR*4rfc0e«stLSTiwiii& 
M^k^yk7'k^i7b(4^1i^X)XX7/k®Ji?.'t4l^# 
tit **y x7*ss. 4V77*i£. 5- ( 7 ;k^y^ 
M) X;k74V77;k®. k'7xxyg v 4. 4’ — t' 
7xx;kkT?yk7kK, 4, 4’ — t'7xx;kx;k7k 
k#yk4'k8k 4 , 4’ — t'7xX7x — 7ykk#yk7 
klS. 1 , 2 — fcTx (7x77k) X7 k — p , p ’ — k 
^;k7ki?. ^^74 ki^. 7kh77kk^;k7ki^ 
i: {Xl^5§ ti l VtnV 7kK^ fcli i 7 b coxx 

riyB^WmW-, x 7 k k y ^;k7k®c. 7 oa> h 
9^;k44kK. 77k7k7^;k7kK. t'oxy-yh 
K. k9X9-/kK. k9XkkK. 3 s 4 „ 3’ , 

4’ — t'7xX;k7k7^/P7>g‘^-ifkW7$7l>^ 
®^;k7'k^43 J; t7 C ti b oxx 7;k^^ttM##: ; 5r if 
IXStsZktfTZZ,, tli. HIS. 7 
xk®. 9kr^S. ®5». th'Ddfkil®. 3-th' 
p-t h'D^rksm#®. P - ( 2-t 
h'pdfkxh^k) 4— t Kn7kk7n j k 

*y-y$n'#ym%klzm*Ztiz t Yn^yjnvxy 
S^^{477)XX7;k®^ttS?##:$-^tfi k tT'# 

*. tfz, e-^7D77hk. /3-7ot'7k7 hk. 
^-X7;k-/S-7*otf777 hk, <?-AkP77hk. 
79 7 y K. y77t'&t'fc^$*I&S?tfxx7/k£ 
fc 6 T'# I, . 

[0 06 1 ] ^B^X)7 , 9xx7ykk{4. 7;k7kk7 
9 7 -ykj^h7)7 9 7 -)V&% k LT. kx7kk79 
7— ;k h 9 x 7 kk 797 — ;k, ,79x7kk79 7 
-;k 79 t9X7kk797-/k 797hxX7k 
k797-;h^i;txM^§it^]il)^79 7-/k t h' 

I74f 7k. 4, 4’ — kt h'n7kt'X7xk-yk. 

1,4-t'X (/3-t h'n^fkxh^k) Xk7'k. 1 . 
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4-b'y (£-b Kn^-i/xhdf^7x-;U) y/k* 
y, b'y (p-ti'n^7i-;H x— f;k b'y 
(p-tKoJfy7i^) y/b*y s b'y (p-tH 

u^yyxxvw 7 7y. 1 . 2-b'y (p-bpn^f 

y7x-yl/)X^y % b'y7x7-/bA. b'y7x7- 
/PC, 2, 5— f'UWi/'X— )V, ;ii^)C7)7' 1 J3— 
;UCX fl/y^yf- /TftOn L/c 7' y n-;k Srb'fcM 
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